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Intyroduction

In the United States, there are cnly five large-telescope coude-
ograph combinations suitable for research on the planets by high-
ution spectroscopy. In particular, the telescopes associated with
spectrographs have many other uses, and have seldom been assigned
anetary studies. Also, in the case of the 82-inch Struve Reflector
¢ McDonald Observatory, the lack of assignment to planetary spectro-
scopy in the past had stemmed largely from instrumental inadegquacies.
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The principal purposes of this contract were to correct the

problems associated with the existing large coude spectrograph of the
telescope, to add certain auxiliavy instruments to it, and to demonstrate
its improved capability for planetary work in preparation for observations

of Mars and other planets.

During the two initial NASA-funded years of the contract, and the
third-year extension at no additional cost to NASA, significant additional
University contributions of manpower and funds made it possible to complete
the essential schedule of work even though costs proved somewhat greater
than estimated in the original sroposal.
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Problems and Corrective Actions

1. Spectrograph placement and configuration.

Several of the basic prcblems with the spectrograph arose from
compromises forced on its original design fifteen years ago by the
excessively small budget available to Dr. W. A. Hiltner, its designer.
In particular the space into which the iInstrument could be fitted was
sharply restricted to a ten-foot length between the south pier of the
82-inch reflector and an open strip four feet short of the south dome

wall--the strip being reserved for travel of a stair rotating with the
dome. In ovder to have the largest possible spectrograph, short of
rebuilding some portions of the dome, the entrance slit assembly was

set right against the massive south pier, leaving only about a four-

inch sp nic: place or gain access to the slit, filters,

compari @ guicing systems; this arcangement required pre-
slit egqui it irage rotators to o inco an almost completely in-
accessible po.ar axis tube lying within the concrere south pier.
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A second reason for lack of use cf the coude spectrograph was
the extremely poor imace cy at The ccude focus. Nor was any informa-
tion available as to the guality of the coude optics.

rrect these 15, uoenvices were engazed of Jean Texereau,
tical Engine Pexlz < X enc perhaps the most
exoerienced ticiaas. Texereau spent
yith the tel i the'eupoort
Y RLIrror s bringing
t the co improved the bcst—avalLable
om &bo g ter than one-tenth second of
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port) . size, the improved image is
necessalyy ©o achicve specty OWraUH for work on objects
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Entrance Slit Assemblies

In view of the inadequate space of the older spectrograph
arrangement, there was essentially no equipment at the slit of the
spectrograph. After moving the spectrograph, it became possible to
utilize the space of nearly three feet between the concret south pier
of the telescope and the spectrograph slit. A large new slit plate
and an equipment base were prepared, with T-slots for mounting auxiliary
equipment. Fitted to these plates are now:

a. A guick change mechanism to remove and reinsert the slit itself
b. An image rotator

¢. An improved guiding system

d. An improved comparison source input system

e. A new filter holder

f. Attachments for variocus planetary cameras

These changes have helped to make the coude spectrograph so easy
and efficient to use that the telescope is now at this configuration
nearly half the time, instead of rarely as before; still other forms of
observational equipment are being designed to utilize the space provided.

Internal Changes

The spectrograph in its older form was relatively inefficient
because it had a remarkably small collimated beam for a ccude spectrograph
(only three and a half inches), and because only a single and relatively
old grating was available. Both the spced and the resolution of the
instrument could be sharply increased by enlarging the size of the colli-
mated beam and by providinz : wider range of gratings. For these changes
to be possible, the stecl frame of the spectrograph had to be rebuilt.

In particular, it was necessary for (1) the rails to be extended, (2) new
support points to be provided, (3) some of the internal frame to be
removed and other elements added to provide the space for the new
collimator, (4) the grating-holder assembly to be removed and rebuilt

to permit use of larger gratings and relative easy change of them, and
(5) the optics to be removed in order to open out the holders for the
Schmidt cameras to permit the passage of the new five-and-a-half inch
collimated beam.

The changes connected with the gratings were carried out by early
1965, and three excellent new 6 by 8-inch Bausch and Lomb replica gratings
were installed. The spectrograph was used in this form for a bit more then
a year, until the suwmmer of 1966 when the other internal changes were
executed. In particular, the new and larger off-axis collimator was
fabricated in the optical shop of the Lunar and Planetary Laboratory,
and the other changes were made in the spectrograph as outlined above.
These did result in the expected near-doubling of speed and of resolution.
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Coude Scanner

Dr. Robert Tull designed and saw to the construction and
installation of the new coude scéanneyr, as repor ted in detaii in a
previous Quarterly Report. This involved construction of a substan-
tial mechanical bracket system within the spectrograph, and the
installation of a device to select through exit slots a portion of
the highest-dispersion spectrum produced by the camera, with an
optical train producing a scanned beam as little as a fraction of
an angstrom in wave-length range, to be compared simultaneously
against a wider portion of the spectrum using another photocell.

In order to avoid the noise produced by Cerenkov flashes in a glass
or quartz scanning tube (as is the case with the Mt. Wilson coude
scanner of Oke), a mirror arrangement produces the scanning mode
over the relatively short wave-length range to be studied with

this high-dispersion scanner during each observational run. The
scanner is in principle capsble of working in the infrared as well as
at shorter wave lengths, although the necessary cooling arrangements
for the infrared cells are not yet convenient.

The scanner works well with a single input slit, but is
relatively slow in this configuration because so little light enters
the slit in the high-resoclution mode. A Bowen-type image slicer has
been constructed, but this design of the slicer has led to difficulties
which only now are becoming fully clear, stemming from the fact that
the Bowen slicer produces a slightly different primary focal position
for each of the broken-up slit elements, sharply decreasing the through-
put of light for a narrow slit. The present system also images them onto
significantly different portions of the photocathode, rendering the entire
system remarkably sensitive tec seeing and guiding vagaries. Tull is now
working along several lines to make the scanning system more efficient,
and believes that better than an order of magnitude improvement should
be possible.

Image Tubes

In the summer of 1966 arrangements were built into the coude
frame to permit the mounting of an image tube at the A-camera focus,
the light being reflected into the image tube though a 45° mirror
blocking oniv a small part of the collimated beam. Apart from resolu-
tion difficulties, the Carnegie-RCA image tube arrangements have been
very successful. In the blue (5-20 cathode), they produce about ten
times shorter exposures then is true for the fastest photographic
plates, but the resolution is down by a factor of three, meaning that
a camera with shorter focal length could be used to record the same
information in about one-tenth the time, thus largely nullifying the
speed gain of the tube. But as image tubes with better resolution
become available they will take over from photography the recording
of high-dispersion coude spectra, at least over limited spectral
regions. The same general statements are true for an S1 (infrared
sensltlve) image tube obtained in the spring of 1967 for tpe spectral

region up through 9,000 A but from there on up to 13,000 & the image

I
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tube stands in a class by itself, in view of the cxtremely low quantum
efficiency of photographic emulsions out to 11,000 A, and their non-
availability beyond that limit. In particular, hlgh—dispersion infra
red photogra hLL spectr o° Mercury and Venus have been obtained at

Y
engements are now being made to use
the image tubes in the intermediate-iccus B-camera, which should extend
this infrared work to objects ten times fTainter than Mercury and Venus
(e.g. Mars). In addition, a separate image-tube development program
has been undertaken, which we hope will solve the problem of resolution
at least In the blue.

Miscellaneous

Many lesser associated improvements have been carried out or
begun, including realuminization of the optics, provision of appropriate
shielding for various critical parts of the L;bnt beams, addition of
a Hartmann-screen arrangement for focusitg, etc. A project so far not
carried out has been the iImproved calibrat slits; these were designed
and submitted for bids, but all bids were returned far too high. When
time permits, a suitable device will prosebly be constructed in our own
shops, *to use along with an impiroved ! wie nolder which will zmpley
photometric calibration strips on eitrcr sile of the spectrum.

Further Improvements Being Considcored Zor the Spectrograph Svstem

An improved finding system is needed to make i1t easier to work
on relatively faint objects. A semi-zuZomatic pLanc ary camera has been
designed and partially constructed, making Ji poszible Lor a coude observer
to take advantage of moments aof Lnusaklly oLl seeing to photograph planets
while guiding during speetroszop As moted above, several oi the coude
mirrors should be refigured, duri some interval when the spectrograph
is not otherwise in high demand. o take advantage of the electronographic
image tubes which we hope to have within a year, with resolutions higher
than those of photographic slates although with rather small photocathodes,
an echelle dispersing system is pwob ably required: some prelimary design
work has been undertaken. A Fabry-Perot interferometer is being designed
for the input slit assembly, to meke possible extremely high resolution
studies of specific speetral features. Serious consideration has been
given to the possibility of building still another extension to the coude
room to house a substantial interferometer alcng the general line of the
Connes’™. Some of these developments are now being undertaken in a modest
way by the University or other sources; several of them may become the
subject of new requests for support.

Results Obtained with the Improved Spectrograph

Almost entirely as the result of the NASA support, permitting these
truly major changes and improvements, it has become both possible and
scientifically profitable to devote a substantial fraction of the observing
time of the 82-inch Struve reflector to planetary problems in 1965 and 1966,
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XI. Financial Report

The final billing for this contract is submitted by the
Auditor's Office of The University of Texas.
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LIST OF PRINTS AND ILLUSTRATIONS

Optical improvement at coude focus

Speed and resolution improvement at coude
focus

Exterior modifications, showing portion of
required new catwalk, and new coude room
(to the left, behind the telescope polar
axis gear)

Slit area modifications, showing greatly
increased access space, new mounting plates,
new slit assembly, image rotater, and filter
holder

Coude spectrograph interior modifications;
partly visible are one of the new gratings
and grating-holders, the rebuilt light-

input tube, the opened-out Schmidt corrector-
plate holders, and one of the image tubes
mounted at the A-camera focus

Coude spectrograph interior modifications,
showing the new pit and rail extensions for
the spectrograph, the remounted and re-
aluminized A and B camera mirrors, and the
S-1 image tube at the A-camera focus

Image tube spectra of Venus--the first time
this infrared region has become available
to high-resolution photographic spectroscopy
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Saturn September 29, 196U
82-inch Coude + Barlow lens

EFL: 153 meters x 4.9 enlargement of negative
Exposure: 1.5 sec. on Tri X

Double Star Z 359; Separation p = 0749

82-inch Coude + Barlow lens

EFL: 153 meters x 12 enlargement of negative
Scale on this print: 1" = 9 mm
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